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SURMARY. A DBossmount E
in 2 speoislly designed package meets the rigorous r.quircﬁontl
of RASA Contract NAS8-5451. This contraci is entitied "Develop~
ment of a Transducer to Measure Hot Gas Leaks from Flanges and
Seals in Plumbing of the Saturn Vehicle.® uhc primery prodlem
was the thermal isolation of the sensing eloment and the vlec-
tronics from the high temperaturez of the geses and the euviron-
ment. The required isolation from the temperature of the gaaes
is obtained by an annular, counterflow heat exchanger system.
The required isolation from the environmental temperature is
obtained by insulation and by low-conductive sttachment ol the
ssnoing element and elec¢tronics to the base of the unit. The low
temperature requirement is acocommodated by the use of controlled
heaters on the gas heat exchanger and on t'e 2lectroniocs packagoi}

Vibration requirements are met or cxceeded i{hreugh proper

mechaulocal design of the components snd their assemblies.

1. INTRODUCTION. Conventiona) leak senmsors (or mass flow
sensors) are not suited for measuryment of hot gases of combustion
primarily beceuse 2f the high temperatures involved. “he approsch
taken here is to use a standard maas flow sensor and package it so

that the itemperature¢ effects are minimized.
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This report will delineats tne requirement:, discuss the
gene¥al approach taker and describe the apecific dasigns of the
varieus componenis. Problems and their solutions ave diacussed.

Experimenisal teatis, snd new LeCLIOAGEF

specifications are then given.

2. R JIREMENTS. Leaks from flaanges and seals in the plumbiag

of the Satu..a Vehicle will be directed throupgh a leak measuring
traneducer and then overboard. The transducer must meet the reguire-
mentas and withstand the environmenis lieted helow.

1, Gases to be Measured:
Liquid Oxygen - RP-1 combustion producte.
Liquid Oxygen-Liquid Hydrogen combustion products.

2. Temperature of Gaces:
LOX-RP1l: (50*C to 925°C.
LOXPHH2: 400°C teo 705°C.

3. Awmbient Temperature of Tranadueer: -155°C to +75°C
normally with an exposure to +81%5°C for ¥ minutaes.

4, Ambient Pressure: 700 mm Hg ts 1077 mm Hz.

5. Flow Rate:
0 to 1000 atendard cubic centimeters per mirute, and
0 to 200 standard cubic coentimeters per minute.

6. Output:

0 to 5.5 millivolts for 0 to 200 std cc/min.

0 to 10 millivolts for O to 1000 std co/min, and con-
tinuously inc easing from 200 Sta cc/Min., to 1000 Std
ce/Min, Output Impedance shall be less thar 500 ohma,

7. Power: 9 watts cr less,

REC Beport 7648 -2 -
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8, Input: 28 % 3 volts DC.
9. Physical Size: Less than 6C c¢abie inchss and 2 ibs.

10. Time Response: 700 riillisecouds or lase for a 63.2%
step ohange in input flow rate.

11. Vibration: a) Reandom noise with a band width of
20 to 2000 eps.

b) Randow noise motion of 26,0 g RMS for
4 eeconds and 16.0 g BRMS for & period
of 18C seconda.
12, Accursey: 2 5% full scale,
13. Attitude: Insensitive to atuitude change.
14, Calibration: The transducer shall have a calibration
curve that is valid under any one or all of the
environmental coanditions set forth above.

15, Back Pressure: Less than £ psi.

16, Craftwmanship: In accordance with
a) ADMA-STD-428B
b) MSPC~-PROC-158A
¢) MIL-1-6181D» (RFI)

17. Electrical Connectox: Bendix 72-74114-5P or equivalent.
18, Pneuwatic Conneclions: OStandard MF 1815C04.
The akove requirements refliect the changes that have oceurred
during the program.
19, Warm up time shall be less than 20 minutes,
3+ GENERAL APPROACL. After consideration of the problea
inv?lved, we decided the best solution was to adapt o r existing
mass flow sensor to the rejuirements stated. This decision left twe
major problems to be seived, The gas entering the sensing elewment
sust be precondicioined and the sensing element and the elecironicas

package must be protected from high environmentnl temperatures.

REC Report 7648 . -3 -
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The sensip- c¢lement can inherently withstend a considersbls

pertion o’ .ne raquired tempesrature range. The electronice pack-

R

aps .3 d:3signed to also operaie within ibe sensoxr range. Theae
isct3 somcwhat eased the propiams by reducing tbhe emsuni ei -heai L
to be protected againat, E
The incsning gas ie preconditioned by an annular, countorflow al
heat exchanger. The environmental temperature renge is acoommodeted
by iusulation, size of the outer housiug and 2 low aeat conduction .
atta-hment of the sensor snd electronics to the external surface of
the transducer. Heaters on tho gensing olement and on the clectronics i
take care of the required low temperature ranges.
k. SENSOR DESIGN.
h,1. DNgfinjtion of ses.gu Prehlem. The dezxign problem was to
adapt the REC senscy f¢ meed ithe aevere environmeénts’' requirements.
The major items requixing solution ware:
1., To provide high itemperature ervirenme:.* . -ostection for :
the electronics packs.: aad sensing elemant. Ty
2. %Yo theyully precondition the gas er '-~g at up te ;
900°C to the operating :s: evatura of the leal 3., : derice.
3. To heat, with tbe 1lewse peop: : . slectroniocs
package and tis sensor assesbiy tu G°{ wy ab -y ahen the ambieut
tomperature dropped below 0°C,
k.2, Gae Provonditioner Design. .
4.2.1. Dgsign Coal. ¥he requirements of the gas preccacitioner
axre! 2
REC Report ,6A8 ‘e, -d o
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1, Limit the tsmperature (up to 900°C) of the incoming
gas to 10§ : 50°% when it esters the xensing elemsnt.
2. Maximum efficircnsy. —_
3. Minigum welght and siae.
k., Mivimum pressure drop.
£.2.2. Pegign. To meet the requirements of size and good
vibration capubilitics, 8 counterflow type of hcat uxchanger was
decided upon as shown on the interior comstruction drawing, (Fig. 1).
h.2.2.1. Assunptions. The gas vrevartic: Ssre nssuned to he
the same #3 carbor dioxide. This constituent cf ike combustion ‘
products of RP-1 fuel aind liquid oxygen has the highest density
and specifir heat and hence would have maximum hoat rejection. By
making this assumption, we arrive a» a ccnservative length for the
heat exchanger. The mass flow rate is assvaed to be 1000 std ce/min
for the following caloulations., A convenlent tube with an lauternal
diemeter of 0.1616 cms and & wall thicknssa of 0,0508 cms is used in
the calculations.
4,2.2.2, Calzulatione. To determine the length of a counter-
flow type of heat exohangeyr, the following must be calculated.
1. The inner ilm coeificient hl
2. The beat transfer coefficient through the tube wall, h2
3. ' he ovier film coefficient, h3
4. The average heat trarsfcr coeffiolent, hnv
5. The heat rejesciion rate, Q

The shuice of the proper equation fer the ianer film oce. !ficlient

devernination depends on th¢ type of flow; turvulent or laminar.

REC Raport 7648 ’ -5 -
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The ?low ie turbulent if the Reynolds Number is greater than £0CO.

¥s xust tharefare first detormine the leynolds Numbek, Re. Using

the squatien YV o= g%“ v/ a2 (i)
vhere 2/ = Ve.ecity in cm/wee

V = Volumetric flow rate =« 2258.4 ec/min &t gas
tempsrature of 700°K.

% Congtant 3.142

g

d = The intsreal diameter ~ 0.10i6 oms
the velocity of the gas flowing through the tube waa determined
to be 4642,11 cms/soc.
The BReynolds Number was calculated using ths following equatien,
(ret. 2): Be = (px¥7 x 4d)/u (2)
whare Re = Beynolds Nuxber
*; = Donsity ,000766 gmg/cc at 700°K
9/ = Velocity = 4642.11 cm/sec
4 = Intcrnal dismeter, 0.1016 cms
44 w VYiwcosity = 0,.000242 paise.
The Reync.dn Number, Re, = 14,9287x103¢ Since the Reynolds Number
is much higher than 6000, we can nceitively zasume that the fiow la
turbulent through the tube.

The innsr filx coexrdicient, hl’ is determined by the equmtion

(Reference 3): By - (Nnd x K)/d (3)
whore hl w The inver film heat transfer ccefficient
Nnd « The Nusselt Number

K = The thermal conductivity of the gas; and
d = Internal t{ube diamster.

* The values are copsidered at this mean average tsmperature of
700°K,

REC Beport 764t -6 -




The Nusselt Number is determined by the fcllowing egyunsiien

»

(Refsrence 1) for turbulent flow:

. -1/4
)I‘ﬂd 000396 (B.d)

i . e (s)
Beg T 1 a (e ® (pred)

whers Bey = Reynolds Number = 16.8968 x 105

Pr « Prand¢l Number = 0.670 (Value given fer cerbex
dioxide a2t 700K}

A = 15 Y8 L 147wt 7000k
This gives Hud a 41,7679
Using this value in Equation (3) as well as tie following:
K = 0.0005 watts/cm®K at 700°K

and 4 = 0.1016 cm

we determine the inner film coefficiaent, h], to be ,2051131 vatts/°K cmz.
The heat transfer througﬁ the tuba wall is found by ueing the

following equatien (Ref. 1):

hy, = X (5}
ln (ra,ri) T,
whers h, = Heat transfer coefficient throughk tube wall

K = Therzal conductivity of the material of the
tube = 0.163 watts/cm °K,

r, = Outeide radius in ems =~ ¢.1.24% oms, andé
ry = Inside radius in cms « 0.1016 cms.

The resulting heat tranzfer ccefficient, hz‘ - 25.958 watts/°X cmnz.

The determiunation of the outer film cocsfficlent egaln depends

or; whether the flow is lamluar or turbuleni. We therefores must

REC Report 7748 - -
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dotsrwine the Reynolds Number. Using Equaticn (2} since the velooity

i3 the same, w& oap calcnlate *‘he Reynolds Number for the outside

diamster cf 0.1524 ens, This gives a Reyaclds Nuabey = 25.345 x 103.

uis sgmin is positively turbuient fiow and hence the oute; film

voofficient ¢an be caleulated using the following oquation (ReZ. 1):
0.0296 ¢ < A (na)'°'2

B. = (¢)
} "Os‘a
1 + 2.12 Ba A (rr-1)

p = Danatty = 0,000766 gm/cu3 at 700°K,

(]
]

Specific heat = 1,05 vatt sec/gm’K at 700°%,
Re ~ Reynold Number = 22,793 x 10°

Pr = Prandtl Number = 9,67 at 700°K

Yy = Valocity = 4642.1! ums/aec

A = 1.5 pr1/6

= 1,47
The solution of Lguxtien (6) glves:
h3 = (,023957¢% watt/”K cnsse
The average heat transier cvefficient can new be calculated using
the foilowing equetion (Refereace 1):
/b = 1/hy + 1/b, + 1,/h3 (7)

2
hav = ,015125 wvatt/°K cm
The gquantity of heat rejected, 9 , by the gas per degree Kelvin

terperature difference (Refersnce 1):
QR - (vpcp)/éo (8)
where V = Volume flow rate ~ co/min = 2258.4
¢ = Density gm/ce » .000766 at 700°K

C_ = Specific heat ~ 1,05 watt sec/gm °K at 7C0°K

REC Report 7648 -8 -




Solving Equatior. {8) gives
At 700°K @ = 0,30273 with conditions at 700°K
Using these values ia the following equation, (Ref. 1):

@ - h _ndl (9)

waere d = Tube diameier
L = Tuba length
we obiain a length L for the hsat exchanger = 6,27 at 700°K;
A length of T« cm was chosen because it was convenient to
apiral <he hest¢ excaenger within the housing of the senser (Fig. 1).
The prussure Grop for the heat exchanger was 2stimated using
the following equat.on for turbulent flew through tubes. (BRef. 3):

b, = 0.078502 x 1079 (v%,)/a° (10}

whera AP = Pressure drop in pounds per square inch
V = Plow rate = 2258.4 cz/min,
p = Density at standard conditione = .030766 gm/cc
d =« Internal diameter = 0.10i6 cms.
Thia gives Ab « 0,8: pounds per square inch,

Thiaz i{s the pressure drop for one psasa os this is & counterflovw
type heat exchangsr. The gaes passea through tvice and hence the
total pressure drop squals two \imes the calculated value or
1,68 lbl/uq inch,

4,3. Thermal Isolation. The elsctronics package and ihe sensing
elemeént must be protected froe a S-minute oxpon;re of the completie
unit io an external tomperature of 815°C, The solution of thie

problen was to provide enough thermal lag between the outside of the

REC Report 7648 -9 -
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case and the inside critical cemponents so that the teaperature of
the ccaponents inside would be witidn che operating specifications.

The calewlations were based sn the faot that the 2xtuornal
surface o? the senaor package woull bs heated by free convection,
The maximum cylinder diameter that wonid tit withis *he mounting
hole dimensions {3 3.5 inches. The calculzticns conzisi of
determining the average heat transfer soefficient to the package
(Bef. 1) and from that, the Biot Number (Ref. %). Using the
temparature responsc charts (Ref. &), the time cduration required
to raise the temncrature of the critical components to 125°C when
the ambiont temperature is svddenly raised to 815°C from roem
temperature was detormined.

Tha average free convection heat transfer for a cylinder lying
horizrontally can be estimated by comsidering it as a vertical wall
of length 2.5 timea the diameter and ther multiplying the heat
transfer obtained by 4/3 (Ref. 1).

Thae oylinder diameter is 3.5 inches and hence calculations
will be made for a vartical wall of 8.7% inches usiag the following

equation, (Reference 1):

3
g2, x
or - BT (11)
yZ
where Gr = Grashol Number

8 = Acceleration of gravity = 32.%2 t1/v0c?

w
L

Expansion coefficient « 1/1.

7Y = Kinematic viscosity 147.8 ttz/aoc (Value from
Ref. 1)

1/, = The tempyraturs difference between the boundary

layer and ambient = (i500~70)°F.

REC Repert 7648 - 10 -
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x = 8.79/12 £t
This gives a Grashof Number = 1547.700¢ x 10“.
The bousdary layer is laminar hecause the Grashof KHumbar is
less than &4 x 10a and hence w3 can use tke following equation to

determine the boundar- layer thickness. (Referemce 1).

-1/4

- /
% =« 3%.93 Pr 1/2 (0.952 + Pr)l’h {6r) (12)

8§ = Boundary layer thickness, (.07663% ft.
Pr = 0.706 (From Ref. 1)
Now using the following equation, with X = 6.0181 BYU/hr £t °F

the heat transfer coefficient can he calculsted. (Reierence 1)

2K _ 0,0181x2

2, \
ho= 2= PREEEs - 0.472368 BTU/ar £t° °F (13)

2 op.

The average heat traasfer = 4/3 b = 0,62582% BfU/br ft
The Biot Number = (b x r)/K = 1.4 ’ (14)
where i = Heat transfer = 0.62582% BTU/hr 142 oF

r = Radius in ft = 1.75/12

E = Thermal conductivity = 0.062% BTU/hr 112 °p
for a Q-felt insuiatiown.

fo use the temperatur: responre charts we must have the dimensionleas
temperature ratic which is the alloved temperature rise over the

actusl temperature rise. The allowed temparsture rise is 123°C and

the actual external temperature rise is 8i5°C. Therefore, the
dimensioenloss temperature number = 125/815 = 0.1%6., Using the tempera-
ture respocse ochart in Reference & of a cylindrical shell of radius
1.7 insulated at its interal surface at r ~ 0.75" and exposed

suddenly to a uniform temparature convective environment at 815°C

REC Roport 7648 ~-11 -
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at r = 1.75%, we obtain a Fourier Numbey of 0.12 fo. a temperaturs
ratic of 0.156 and Biot Number 1.k. To determine iie time, we use

the following equatiosn, (Befersnce &4):

Pourisr Nombar Fo = (a")/"ﬁ2 (19)
where @ = Thermal diffusivity = K/(pcr) (16)
8 = Time

r = Cylinder radius

X = ‘Thermal conducitivity of ineulation =
0.062% BTU/hr -ft -°F.

p = Density = 9 1bs/cu ft.
€ = Specific heat « 0.256%5 BTU/1b °*
@ = 0.02425 2¢2/br
r, = 1.75/12 ft.
We therefore obtsin a time
&« (Po r‘2)/a x 60 = 6.3]1 minutes.

This caleculation is based on the fact that it is perfectly
insulated from the ends of the cylinder. This estimation is a
guidance for the feamaibiiity of the idea and experimental verifi-
satien was carried out as disoussed in ithe next sectiown.

h.oh. High Ypwporature Environment Test. This test was set up
to atudy the temperature risa of ths e¢lectronic package and the flow
sensing element when the szbient temperature was suddenly increased
to a higher volue. Thermoceupler made uf 0.00% dismeter chromel and
alumel wire were wmeunted on the surfaces marked i, 2, 3, and 4 a»

shown in Figure 2. The thermocouple eutputs were monitorsd using

ths cquipment as shown in Pigure 3. The temperature of these surfaces

REC Raport 7648 -12 -
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vere monitored every 15 soconde from the tims the peckage was placed
inside » high tempersaturs oven with a hot convective atmosphere (air
blowing at 135 ft per minute). The result obiained 5y this test
would give us a conservative ostimate of the temperature rise inside
the paskage ix the vese of a atill surreunding.

The test waz performed in three stages:

1. First the step cheonge was from room te 500°C. The
data obtained by this experiment is shown in Figure 4. At the end
of 300 sevonds, the temperatuvre of Surface 1 was 135°C, Surfaces 2
and % were 96°C, and Surface 4 was 130°C.

2. Secend, the step was rooe temperature to 600°C. The
revults obtained for this run ere shown in Figure 5. The temporature
reached at the end of 300 seconds by the Surfaeces 1, 2, 3, and &
respectively are 225°C, 97°C, 90°C, exd 307°C.

3, Third, the step was from room to 700°C. The results
obtained by this test are shown fn Figure 6. The temperature rsached
at the end of 300 secouds of Surfaces 1, 2, 3, and 4 respectively
are 312°C, 190°C, 200°C, and 267°C,

The Surfaces 1, 2, and 3 are the ones inside which the package
ia located and these surface temperatures ware xuch higher than their
designed value eof 125°C.

From ths above discussed results, it was obvisus that a
redisign wos necessary. A review of the design showed thet mos’ of
the hoat was being conducted up through the mounting structure. A
vadesign wvas made reducing ihe area of contact with the baseplate.

This redenign struoture is shown in Figure 7.

REC Repert 7648 -13 -




A high temperature envircnment test was run on thia redesign medel for anm
ambient temperature change Jrom room to 700°C, The results arc shown in Figure
8. The temperatur. at the end of 300 seconds of Surfaces 1, 2, 3, and 4 &re
1489C, 140°C, 153°C, and 375°C respectively. The resulta\wura encourpging in
this ».n because the eritical Surfaces 1, 2, and 3 stayed as low as 105°C, 109°C,
end 1900C at tha and of 270 asconds. The mounting strvcture wus further changed
to have deepcr notches and the surface aree of contact with the base plate was
further reduced as showp in Pigure S. The bread board model that wae tested
at NASA iabs had such a design incorporated. The unit was examised after the
test and the delicate electranics package had survived the high temperature en-
vironment and was also in working conditicn. This test confirmed that the heat
insulation was more than adequate for the electranics package. The deasign it-
sel? war intended only to¢ protect the package during this short duration and
we can conclusively say that the housing design is the optimum design.

4,5 Mounting Design. The mounting design had to take into considera.’-n

the muximum vibration capabilities and also provide a minimum leakage path for
the heat to flow up to the sensor package.

The obvious solution was to provide a minimum centact surface te the base
as shown in Figure 10,"’

An experimental mock-up was resonance searche . The sensor and the volitage
regulator are mounted on the base plate as shown in Figure 10. This structere
has been resonance searched at 20 g's level and maximum displacement of 1/2
inch in the horizontal axis. Mo rescnance was noticed below 2000 cps. This
test was carried out with a mock-up model.

4,6 Housing Design. The prime objective in the housing design was to
make it large enough to provide encugh insulation and also to meke the wsll
thickness heavy enough so that the walls will not burst due tu the pressure
build-up inside the housirg.

Calculations were made for the wall thickness of the housing case as

shown below,
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The equstion for the heopatress = Pr/t, snd longitudinal

stress = Pr/2t

where P = Internai preesure = 5% pai (at 815°C)
r = Radius 1.757
t+ =« Thickness in incher.

The ultinate streas at 1%00°F of 304 stainless steel = 5000
pei. The required radial thicknoes from the above calculation is
0.0192%, We have chosen 0,062" wall thickness.

ke end cover thickness calculated to be 0.01" and we heve
chosen 0,062" ax a conservative estimate.

The breadb ard model was built uasing a square configuration,
Figure 11. The outside walls bdulged when subjected to very high
temperature. To conforx with the theoretical work done on the
cylivder, finalised engineering models were housed in a round can

as shown in Figure 12.

5. PROBLEMS AND SOLUTIONS.
5.1. Design Problems and Difficulties. The lovw temperatare

performanie of the leak sensor was & major problem which led to an
extensive design change, The leak sonsor and the associated piping
could get down to a temperature of -155°C. At this low temperature
the principle products of combustion (CO2 and 320) freeze. Therefore,
when the bhei gas comes into the lesk seamor, it would condense and
freeze and no neasuremert would be possidle. This is not s major
problem with the externanl vubing bscause the tubing is expestsd te
raise in temperature by 260°C in 5 lo;ondl as the environment Lecomes

hot immediately upon start-up. The sensor has much gieater mass than
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the external tubing. Iv fo placed inside u box packed with inaule-
tion to protect the eisctrenies from the 815°C exposnrs and hence

will not reise ia temperature as fust as the er-fuce of the box

-does, To overcome this problem, it was decided to use ¢lectrical heating

tc raise the temperatere of internal tubing snd gas pre-conditiening
sccessoriea to above 0°C. A design was arrived at giving the masa
flow pensing device and gas pre-conditioning system a veight 01_30
ges. Thia lew weight design will make it possible to raise the
temperature by 153°C with the aliowable power and werm-up time. This
design introduces another problem thati, in the ewvent that the
temparature of the sensor is st 75°C to start with, then during the
warm-up tims the temperature of the system would go much higher than
what the clectironic component can take or if tho warm-up tims is
such greater then 20 minutes, excessive temporature could result.
As & solution to this problem an on~off temperaturs conticl device
wes used, This is describad in the section on slectromice.

6. ELECTBONICS. The design goals which were originally

spesificd were s follows:

1. Li lation.
V,. = 2823 volte.
Ilond - 36 é"
vout = 20,000 volts Avq“t = 14 mv,
Begulatien = 0.07%.

2. Lead Hegolstien.
vin w 28 volts.

o *
Ixo.d - )6 - b wa.
REC Report 7648 ~ 16 -
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= 20, w 1d
vout 20,000 volts Avﬂut 14 mv

Regulutior « 0,07%

5. RSS = 0.1%.
b, Dpift « 1% or 200 my.
T = =155°C to +75°C.
5. Input to Output DC igolation 21so Reguired. -
To be considered throughout the design of this piece of equip~

neny wian the small package size. The small package size implien
pimplicity and small component sixze.

The original design coneisted of a 1 KC oscillator and bhridgs
for DC inolation aund & single differventinlly operaied, series
regilation stuge. The *ransistors were germanium because of the low
tem; erature requiremenis and the positive lsg of the supply was
reguliated.

At this point in the design, the biggest problem was selectien
of traniistors which would operate at -155°C. Boefore this circuit
coulu be finalizad, the deaign criteria was changed te exclude the
DC isolation. The regulation of this circuit did not meet the deasign -
criterie.

With the irolation requirement removed, & soecond stags of regu-
lation waas added and more work was done on component melection on
the basis of low temperature operation. It was found that a GE 2N1183
woald operats et -15%5°C., The gain of this transiscor was greatly .
reduced av this tompsrature., The regulation and i(eaperature drift
of this circuit wue greatly improved over that of the fireit cirecuit.

Operation at ~155°C was still not satistactory. N
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Ali the components would net func’:cen oves the cptire ambient
temperaturz range of -i35 to ~75°C a heater circuit was added te the elact-
roniecs assembly,.The transisters and sensors were to be heated frem
-155°C to 0°C, Heating of the transistors reguired thaet they be
........

This clhiange necessitated a change in trausisters. The tieasis-
tors were changed tv a zilicon type to withstand the high eperating
teaperaturs requivemente., The uxz of silicun transistera led to the
regalation of the negative leg c¢f the supply. Output vol:age drift
was to be less thau 1% with ap ambient temperature rise of from 0°C
to +125°C,

OQur problem in the design of this circuit was poor lcad regu-
lation, One approech to fusprove the load regulation was tc¢ increase
the closed loep gain of the system by adding the additional stage of
amplificstion and using a Dsrlington pair for the series regulator.
This approach did not help appreciably. T! problem was solved by
adding a small resiatauce in series with the regulated leg of the
supply. Either pesitive or negative regulation could be achieved
by varying uwnis resistance. The cross-ovey peint is selected for
operation. This reciastance is edjusted when the electronics package
is mated with the sepsor.

To this circuit, a heator contrel circuit was added. A bimetalie

temporature controller was intended,but to ensure iasensitivity 2o,v1bration,ll

& solid etate awitch controlled by a thermister was used. Parts

tc be uaed wcre suggested by NASA. A type 2N1714 {ransistor was

REC Report 7648 « 18 -
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used inatesd of A type 2N1718 heceuse of case size, This secies
of tracsistors waz found Lo operate at -160°C but with a loss in
gain a2t about 75%. )

After the bread hoard model sas submitted for approval the
specifications were changed to include i{mput to cutput DC isolation.
Thia wes 2:complishsd by adding a 2KC oscillator and full wave rectifier
to the e;isting circuit,

This change necessitated some chapges in the regnlatcer conponent
valu*s and complete redosign of the package and printed circu.t
voards,

A problem area i pachsging the supply was seleciing a suitable
potting maierial. The material selected had te meet the following
requirements, (a) It had to be relatively light weight, (b) It
had to be a poor heat conductor bezause of limitatione snd available
heater power, (¢) It had to withstand, without deterisration, the
extreme temperatur® variations imposed on the equipment. (d) It
meet have a neglig.ble coefficient of thermal expsnsion over the
ent.r~ sperating range, (-155°C to +125°C). (e) It must not expand
or contract appreciably when being cured,

A sultable combination 3 found to be JM glass beads and Dow
Corning Sylgard 182 potting compound. Vacuum potting was used to
combine the two,

The final eirouit diagveam is Figure 13 (REC Dwg 530-15).

This eircuit has the following characteristices:

Load Regulation:

vin = 28 volis

IL = 36 t 5 ma
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vout = 20,000 volts

Regulation = 0.01%

L]
ot
-]
<

Line Rezulation:

v, - 28 2k esits
n
IL e 36 ma
+
- D20, -
voug 0.000 volts 1 av

Reguiation = 0.01%
SS__ = 0,014
DRIFY: The thersal drift of tane cutput voltage cyer the
temporature range of 0°C teo +12%5°C is less tbar 0.7%.

To pravide an operational cheeck point for calibration zhecks
the neceasary voints on the bridge will b2 brought ocut so taat when
a calibrated resistor is connected across Pir C and D, tue leak
sansor will have a positive eutput,

"7. MERIFICATION TESTS. The following teats were performed on
tho completed breadboard unit to verify the design.

7.1, Lalibretion.

7.1.1. Room Tymperatury. The ¢ca2lidretion meihod is the
colloction of a known quintity of gas that is flowing through the
25a82r and the time required meanunred using a stopwaich, usiag the
set up shown iz Figure 1. Using this date we w“tain the cc/min
flow rate of the gas. The barcuetric pressurs and ambient tempera-
ture are measured and using this valus the cc/min is converted inte
Std ec/min. The conversion facior for std sc/win air to the etd :
co/miu of "hot gas* (referring to the specified mixture of combustien

products) will be
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(Cg Pstd eonditioaz) Hot Gar
"‘ .

(Eé Pgtd conditions’ B3

1 Std c/min air = 1,0803 Std cc./min Hot Gas

1 Std cc/min &ir = (Std ec/min of hot ges)

The data obtained by calibrating toe sensor at 25°C ambient and ggse
temperature of 25°C ias tabulated in Table 1 and a plot is shown in Pig.l6.

7.1.2 Hot Calibraricn, The sensor was c:librated with the ambient

temperature gt 101°C s.d gas temperaiure at 25YC, The data obtained

is presentad in Tsble II anrd & plot is shown in Figure 16,

7.2. Time Constant. The time constant teat set is aa shown in
Figure 15, Using this set-up we cuen rbtange the flow rate from one
valins to another. Valve ! is cracked open s¢ ihat we get a pariicu-
ler flew rate throeugh the sausor. The flew velecitiy at uvhe exit of
the Yalve 1 ia scni¢ and hence any further lewering of the downstreax
pressure will not change the mass flow rate, Then Valve 2 is cracked
open s0 that the output of the iransduce” drops by a predeterminsd
amount, Now by suddenly opening or clusing the inlet of Valwe 2,

a steap change in flow can be simulated. The volume betwsen the leak
sensor and the valve is kept to a mirimum s¢ that the pnsumatiec time
constant would be very fact compared to that of the leak sensor.
Using this metbod the time conatant was measured for varieus step
chenges. The data obtained is shown in Table IXI.

7.3, Yibration. The sensor wae vibrated at zero flow at a
vibration lavel of 10 g's sine wave and 0.5 inchas nmuximum amplitude
through & frequensy range 3~2030 c¢ps, 3 minutes up and 5 minutes
down in the horizontal axis and vertical axis. An error of less
than 2% of full soale resulted betweenr 8 and 200 ops snd the unit

was stable tkrough the rest of the frequensy band.
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7.4 Attitade Sensitivity. "he sensor wus checked for

ettitude gensitivity ia all three exes. The sensor was placed in
eoch axis and chec’ted for change in cutput. No attitude sensitivity

wos noted,

7.5 Thermostat Control Test, The sensor was taken dewn to

the iemperature of dry ice and then the poer wns switched on. The
current drawn was 151 ma and in a period of 1% minutea the current
down to 2 valne of 8% ma. This indica‘’ed that the control
circuit was in ope ation. This test was performed to test starting
capability of the electronica package ut dry ice temperature. In
actual use this power would ke turned on when aensor is at ambient
cenditions and then the temperature would be ecyecling cold and

going as far low a3z -155°C but the heater will not allow the temp-
erature of the package to get down below 0°C, o

7.6 Pressure Lrup, Using a mercury manometer, a pressure

drop of 3.92 psi was measured across the sensor with a flew rate of

1600 =td cc/min of air,

7.7 One hot gas unit was calibrated with bot aixr at &00°, 500°C,
700°C and 225°C and the data obtsined is ploited in Figure 17 of
thias report.

8, NEW TECHNOLOGY. A report (BEC Report 2643) of New

Technology iz given in Appendiz A,

9., FINALIZED SPECIFICATIONS, The finalized spec.fications
are shown in Pigure 16, REC Specification Drawing 124D,
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l ZABLE I

. Room Temparatuzrs Caiibration
i Model 124D, S/N KG-6
g Kaes Flow Rate futput
Std oce/min Air Millivweit

g 929.9 10.44
859.7 10,22

[ 76%.8 9.%%
706.1 9.72

[ 608.3 9.31
9.5 9,03

E :74.01 8.62
336.1 7.6
262.3 ;-95

[ 139.5 .71
63.9 2,33

[ o .61

[

|

|

|

|

|
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TABLE 1I
- High Temperature {alibratien
: dodel 124D, 3/N HG-6
Hans Flow Hate Output
. Std oc(nin Aip Millivelts
. 814.3 9.8
. 783.5 9.55
- 200,6 9.38
: 635.7 9,11
g 5803 8.8%
f, 532.97 8.6
{ 446.9 8.13
J 311.6 7.06
L
; 240.4 6.22
: 164.2 4,88
69.04 2.15
! 0 .51
|
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TABLE IXI

Time Coustent
Model 124D, S/N HG-0

3tep 1n Flaw Tima Ccnmtant

Std cc/min Alr Secands
Irom __ _te
35 150 1.7
75 250 1.15
190 1000 0.75
35 1000 0.7
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DEVELUPHENY LF SENBOQR %0 MIASUBE
HOT GAS LIaKS ¥FuDY FLAMURE AND SEALS
IN PLOPSIRG OF SATURY VEHICLER

HEC Aeport 26RY

This pregram ip e development pregramg invelwing propristary
concep$s and ¢omp.nonis thai have been davelepad end provem previous
te this pregrom and z: the expense of Bosemount ¥-gineeving Company.
ibe develegunant being puid for by NLBL comsists of packaging the
proprietary ltems to meot th rigid sud difficult requirements set
forth by NASA. Pigure 1 sbkows, iz & schenatic msuder. the packeging
¢f ths elemants meking up vde complete aensoex. The veid erevs im
the uait are filled with Q-felt insnletiang meterial,

riotary Items. The proprictary item, relerring ‘o Figure 1,
iz ths fiov sensing -element. This ie csnsidered prepristary as it
vas developed vwith Rosemount Ihginacrtng Conp;ny fosde and o!fescd
far pale QEHC Proposai !0)0, A apyri xyu)} previeus & $hé iFFRRESS
o€ “this comirset. Hrtariols nsed, the mgumer in whisk they are pre--
ceaesd, and the oxrangement ef ﬁho:c waterisla are soensidered pro-

ristury as avfined above und in General Provisions, NASA For 247
1-67}, fisuss 24, Paragraph ().

Thig flow semaing slement o4n #¢ wrad, wiih minor modifisation,
%o soasurs flow rates ever exy fwll seels pamgs Irow O to 15 wp te
0-1%,000 or more standerd oo /mim. This elemsnt is switable for vse
in svet Mydrecarbons; gacesus er liguid air, oxygen, nitregex, hydro-
gen, wlimm, or kot-exhsust gasés. The flow sonsing element is a
resistnnoe changing devics.

he volume meter wase a NASL funded design and therefers ia
reperted harein. YThe vwoltsge regulater and the bridze ars well known
cirvuite made ap of standard cempenenta. The ksater conizol cirownit
iy lave some uniguonsss in that it epexratas o -150°C. This centrol
eirreit, Mewewer, wos deviszed by H&BA persomnel and mot develepsd on
ih58 preyrem dy Rosemcwnt Baginecring Coapany, ibe .fore, it will pot
bo elaborsted upen in thle repert.

Any other (nformatien regarding thes unproprietary ltems are

inslud?d on the emoirwel specificatinn drawing of the Leak Senser 124D,

Flow Calibreter, Figure 2.

2l¢. The principle of cpuration of the calibrator is
lased on volumetric dispiscemsnt of water. 4 known guintiiy of the
ges ckat ig flowing through the sonsor ls collectad und timed. Usiag
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this duta, the wolu s fiow ~rate in yc/mia Y. cuteined Thsn by
reecding the barvmetriec prescure and arbleniy tempsrature &his data

is coenverted o Ditavdard oo, min.

Gravatian. Initially tnz solenold walve in 9€f al.owirp the
ol e 5 " - :
gae flowirz threuygh ths svetem Lo be exhausied ints the mimsaphers,
The vent veive is opened <r:r 1 _chegch le cloged snd tie water

supply welve is opesed. The Zleak, whose v>lume has hesn determined,
is filled up io overflowing of the wvent valwe. The wateyr valve and
vent volve are clozed and the pinzh-~cock opened. The waier valve

i5 again opeied to aiiow the tube and ihe ssnsrani 2aek prewsure

to £i1} up with water. The warur —alvye is tner closed. The iclern:d
valve is then eneygiced allowing the gas te flow .nis the wolums
flask, Timing begins at this poant. The outpui of the sensoer is
menitored and reeordsd. Timing is afopped when Lhe water Jevel
roaches the referencs line on ihe glase perilss of the flas:k.

To wontrol the inlet pressure of the gas, the operstor usdes =
Hoore regulator and sets the prassure using tbe Helse pressure goge
that is built inte the system. Tho metering valve iz used to obtain
various Zlow rvatios.

The volumse of the flask ia determined by the follewiug nro-
ssdure. The eperetor {iils up the tank as duscribed before and
then uahooks ."% tudbing going inte the consteant back pressuré nead,
opens the went valve and draine ithe water inte a preweighed contmiper.
The water is allewed to drain uptil the water level reeches the
rgference line. 7This volume of weter ls then weighed uszirg a pre-
cision balance. The {smperaturv of the water iz moasured aund using
the density of water at that temperature the velume ian saloulated.

Constant hack pressure head is obtaiasd by adjusiing the apill

awey leve)l exeztly in lins with the prefe’. ~ined refersnce mark on
thy gluse tubes.

REC Repert 2043 - .
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